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To the Editor,

Nursing homes (NH) have been severely affected by the coro-
navirus disease 2019 (COVID-19) pandemic, largely due to their
congregate nature and the vulnerability of residents [1]. Advanced
age, frailty and concurrence of underlying chronic health condi-
tions place NH residents at high risk for developing severe forms of
COVID-19 and for death. Long-lasting virus shedding of severe
acute respiratory syndrome coronavirus 2 (SARS-CoV-2) in urine
and faeces has been documented in both symptomatic and
asymptomatic infected adults [2]. As a result, near-source tracking
in the sewers serving particular buildings (i.e. campus dormitories,
workplaces, correctional facilities, schools) has emerged as an
appealing non-invasive tool that, when combined with subsequent
targeted population screening when SARS-CoV-2 is detected, may
enable rapid identification and control of facility outbreaks [3]. In
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this pilot study, we provide evidence demonstrating the feasibility
and utility of this wastewater-based epidemiological approach for
early identification of isolated cases or outbreaks of SARS-CoV-2
infection in NH.

This study involved five NH facilities (listed as A to E) located in
northeast Valencia (Spain), affiliated to the Clínico-Malvarrosa
Health Department. These are nursing or mixed nursing/care
homes, altogether providing care for 472 residents attended by 309
staff (Table 1). Selection from among the 17 NH supported by the
Clínico-Malvarrosa Health Department was based upon two
criteria: (a) existence of one (NH A,B,C and D) or more (NH E, n ¼ 4)
sewer manholes allegedly not shared with nearby buildings and (b)
personal autonomy of most residents. Permission to analyse the
wastewater was granted by the NH operator and the local authority
responsible for the sewer system. NH sewage drain(s) were moni-
tored for presence of SARS-CoV-2 RNA by testing near-source
wastewater samples at least 5 days per week from 7 October to
28 December 2020. Grab samples were collected on site fromwater
outlets at each facility. All samples were taken early in themorning,
collecting 1 L of water in sterile plastic containers with sodium
thiosulphate (VWR International, Radnor, PA, USA). Refrigerated
water samples were transferred to the Global Omnium laboratory
(Valencia, Spain), and concentrated within 24 h using the
aluminium adsorptioneprecipitation method. Spiked Mengovirus
(vMCO CECT 100000) acted as an internal control. Viral extraction
from wastewater concentrates and RT-qPCR were performed as
previously described [4,5]. The results are reported as genome
copies (GC)/L. The limit of detection of the RT-qPCR assay was 670
GC/L.

As shown in Table 1, SARS-CoV-2 RNA was detected in waste-
water samples collected from four out of the five NH (A, B, D, E).
The dynamics of SARS-CoV-2 RNA detection and viral loads
measured at each NH are depicted in the Supplementary material
blished by Elsevier Ltd. All rights reserved.
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Table 1
Detection of SARS-CoV-2 in wastewater, residents and staff at nursing homes included in the study

Nursing home (no.
of residents/no. of
staff)

Surveillance period Date of first
detection of SARS-
CoV-2 RNA in
wastewatera/day at
which peak RNA
levels (log10 GC/L)
was reached

Date of first
reported case of
SARS-CoV-2
infection at the
nursing home

No. of residents
testing positive
for SARS-CoV-
2b,c

No. of staff
testing
positive for
SARS-CoV-
2b,c

Last SARS-CoV-2
infection case
documented
among residents or
staff

Previous outbreaks

A (103/58) 14 October to 28
December

21 October/29
October (4.5)

9 November 1d d 9 November Yes (16 June)

A (103/58) 14 October to 28
December

10 December/28
December (8.6)

17 December 25 13 Outbreak ongoing Yes (16 June and 21
October)

B (105/60) 6 November to 28
December

6 November/19
November (4.5)

11 November d 1e 11 November Yes (17 June and 5
October)

C (48/25) 6 November to 28
December

ND NR d d d No

D (101/81) 7 October to 28
December

7 October/12
November (6.9)

NRf d d d Yes (9 July)

E (115/85) 7 October to 28
December

26 October/30
October (8.3)g

17 October 14 10 16 November Yes (17 June and 13
July)

ND, not detected; NR, not reported.
a RNA extraction from sewage material was carried out using the NucleoSpin RNA virus Kit (Macherey-Nagel, Düren, Germany). SARS-CoV-2 RNA detection was performed

by RT-qPCR using One-Step PrimeScript™ RT-PCR Kit (Perfect Real Time) (Takara Bio, Mountain View, CA, USA), targeting the nucleoprotein (N), N1 and N2 fragments, and
envelope protein (E) gene [4,5]. RNA samples were analysed in duplicate. Each RT-qPCR run included negative (nuclease-free water) and positive controls. RT-qPCR targets
were quantified by plotting the quantification cycles (CT) to an external standard curve built with ten-fold serial dilution of the 2019-nCoV_N_Positive Control and 2019-
nCoV_E_Positive Control (IDT). Mengovirus RNA recovery rates were calculated and used as quality assurance parameters according to ISO 15216-1:2017.

b Nasopharyngeal swabs (NP) for RT-PCR testing were collected by experienced nurses at the Nursing Home sites and immediately placed in 3 mL of Universal Transport
Medium (UTM, Becton Dickinson, Sparks, MD, USA). RT-qPCRs were conducted within 24 h of specimen collection at the Microbiology Service of Hospital Clínico Universitario
(Valencia, Spain) with the TaqPath COVID-19 Combo Kit (Thermo Fisher Scientific, Waltham, MA, USA). RNA was extracted using the Applied Biosystems MagMAX™ Viral/
Pathogen II Nucleic Acid Isolation Kits coupled with KingFisher Flex automated instrument (Thermo Fisher Scientific).

c No reinfections were documented among residents and staff.
d Resident tested for SARS-CoV-2 infection because appearance of symptoms compatible with COVID-19 (fever and cough).
e Staff (asymptomatic) tested as a close household contact of a COVID-19 case.
f Residents and Staff members were screened for SARS-CoV-2 infection by RT-PCR on 29 October.
g Two of the four sewage draining sites were not tested until 26 October.
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(Fig. S1). SARS-CoV-2 infection cases among residents or staff,
either asymptomatic or symptomatic, were documented in three
of the four NH (A, B, E) (Table 1). According to public health
policies in place in our Health Department within the study
period, systematic testing of residents and staff at NH A and NH E
was triggered by the occurrence of symptomatic cases and con-
ducted within 48 h. Index cases were diagnosed within 24 h after
symptom onset. At NH B, testing of all residents and staff was
driven by detection of a single asymptomatic case among staff
workers; this individual had been identified as a household
contact of a COVID-19 case. In NH B, first detection of SARS-CoV-2
RNA in wastewater occurred approximately 1 month after an
outbreak declaration involving three residents, who were
promptly isolated following diagnosis, and 5 days before detec-
tion of the staff case. Hence, the possibility exists that detection of
viral RNA in wastewater resulted from long-term shedding by
infected residents.

No cases were identified at NH D within the study period,
despite repeated detection of SARS-CoV-2 RNA in the sewage drain.
Of note, as a ‘proof of concept’ approach, residents and staff at NH D
were screened by RT-PCR in nasopharyngeal swabs on 29 October,
12 days after SARS-CoV-2 was first detected in sewagedall yielded
negative results. A thorough investigation conducted afterwards
revealed the existence of cross-contamination between sewage
drains of this NH and that of an adjacent building that had gone
unnoticed. SARS-CoV-2 RNA was not detected in samples collected
from NH C and no cases were documented throughout the follow-
up period.

Presence of SARS-CoV-2 RNA in sewage preceded identification
of isolated cases among residents or staff (in both cases symp-
tomatic) or outbreak declaration in two NH (NH A on two different
occasions, and NH B), with lag times ranging from 5 to 19 days.
Interestingly, by using an epidemic transmission model, Kaplan
et al. [6] demonstrated that tracking SARS-CoV-2 RNA concentra-
tion in sewage sludge provides a 3- to 5-day lead time over tracking
hospital admissions.

Repeated detection of SARS-CoV-2 RNA in sewage was not
documented until after outbreak declaration in NH E, although it
should be noted that between 7 October and the first case detection
on 17 October only two of the four sewage drains at NH E had been
sampled.

SARS-CoV-2 RNA levels in wastewater samples increased
exponentially over the course of NH outbreaks (NH A and NH E),
reaching peak levels above 8.0 log10 GC/L (see Supplementary
material, Fig. S1).

Finally, disappearance of SARS-CoV-2 RNA from sewers was
associated with control of outbreaks or absence of new case
documentation following implementation of adequate measures
(isolation of positive case and quarantining of close contacts) (see
Supplementarymaterial, Fig. S1). The SARS-CoV-2 outbreak at NH A
was currently still active as of January 12.

The present study has several limitations that must be
acknowledged. First, no sequencing data were available for the
clinical and environmental SARS-CoV-2 variants detected, so
sequence-matching analyses could not be performed. Second, cell
cultures from sewage specimens were not performed.

In conclusion, results from this study suggested that SARS-CoV-
2 RNA surveillance of sewage drains may serve as an early warning
system for isolated cases or outbreak declaration of SARS-CoV-2
infection in NH. Frequent SARS-CoV-2 RT-qPCR sewage testing
coupled with targeted screening of residents and staff may prove
useful for early blunting of virus transmission and spread at NH.
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Further studies with a larger site sample are warranted to confirm
this assumption.
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